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- -       - ABSTRACT 

Results of the testing of the "effectiveness of certain fire 

^xtirTg^isItö^ flaiiimBilxty^of jrockeV fuel- " 

air mixtures are described. Information is given on experiments 

GpnSucted to determine the reactivity of fluorine with these fire- 

retarding materials. These tests were carried out in order to 

•äace-x^'h^^ii^^W^'tBö latter-compounds-f or-ex-tinguishlng- 

fluorine fires. Significant features of the apparatae employed 

and procedures followed are pictured and discussed. On thesbasis^ 

of the results, obtained in the ease of four out of six fuels 

tested, itis concluded-that 1,2-dibromötetrafluoroethane is the 

.most effective extinguishing agent of the ^^"^^^M^JS^.^^ 

combatting rocket fuel fires. Results "of thefluorine- extinguisher 

reactivity tests indicate that it is unlikely that any of the _-' 

extinguishers tested could be used successfully in fighting fires 

involving fluorine, 
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f. 

* - 

staok TOITOC ff),   »o. ota» tue eawiay ?oos »4 till ia o, «to sse EiÄsre 

';ij to A TOO ©IwaiBtea osd fe&offea^iaF Moadot- tot© o fc©EO®sa@euO' nisterQ. 
;-.~ -7j    " - fbiw C^l es& cotoÄSiae Jl4 ea-1 Iö) ©catoeiloÄ' feho pun? scfeiea to 0 fef Tögia- 

; "^   v iäfetoQ fefes floa of @cap?®ocoa ato tat© fefea S9s?asi?y sos©^®!!' ('S)« 
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fttfco (A)-raus ©©aaeetod to tho B&äifold |L) iaroagh 0tope©else 

tp"aaäi I?B')O     la greet ied', tws soabastios taboo "u©r© placed 1» th© bath, tfe® 

soooad tub© (A") beiag eoaaeeted i© L thrsagh ©t©pcoefe (D*j (hot eh©??s} a -•• 

'fte pressur® I® A sas .dotesaiaed-fey s©aas of ass©s©t©r {M}8 gossistiag- of a - 

o@t©r stiefc: aad ö careury wall©   A vaeuua parap^ toy s!rs fael aad ©xtSagulsher 

eappiies were eoai0@t:©d to L through et©pe©©&eT C%)8" (ls)»('%), aad (%):P 

respectively*    Thg igaitisa.-fiMfcroäes {©fl?©r© sade.ef g£ gosgs platSaus 

'oi-r© aoaT vwr© c©^e%>d t© 'tip higff voltäg© ieraiaalo of a IS>del-5 Ford --_-_/ 

iaductiea csil (sot sasää}*    Th©' oleetr©d©s war© adjusted to profid© a ©park 

gap;'Of '^.-C3« . ;:_. ,      -..  -. .-.   . _.„_.•.       ^^   ~';~'    -_        " ". --y~~Z> 

  SiaöQ_in eöBQjraijfelts...väpör pressarp of tho tost mtoriale uas too 

2&q at roca toaporaturo to porait th© dssir©d oos^oütioss it wa.s Ssuad 

aävoatagQpuo-to.carry oat th© osporisoata leadiag to tho deteraiaatiöa ©f 

^•CTiftt3i^fe3igr:ag©eg^% -ß_ -p^sojs?© -of~,S23!jBQjs9r©_üS2£o^, 

"fib opporatmo (Fig» S-j «as @p@rat©d as follot?©:    Tub© (A) uaq. 

©^aeuatad fey aeaa© 'of th© vaeatia puap fey eloQiag aad epcaiag th© ^ppropriato 

stöpcoöl:Sc- Idol aadloztiagaiQhorsauere iatrodubed ia order of iaereasiag  : 

~-volatiiitys"^3ry air träo th® introduced ia cüffieieat qaaatity to produce 

•th©. required total-prossero«   Th©/gjaseous cofisposltloa täas calculated ;f?6B~~~ 
= ..th©'. partial praegure.-of ©ash cespeaeai as a©.te>l~-©a ths »saoaeta?;~iH).«._/"_ _ 

' €l-aap {%) «as opeasd aad th© pssap (.©') allo-woS- to operate uatil-thorough _ 

aisisg. had occurred. " Tho nixiag tie© wa« detaräiaöd fey söveral preliminary 

STJHS" anä''UBääl~Jf^'lsB-:zss'-«.'::psf£'ön-' ©^"-10^1v'&lsUtö5e----Ä^tsr-"rai?ia^8. th©"" 

jaixtur© uas firod, aad a positive result was recorded iT tha flan© travels 

ttos TJhoio loagth of tub© (A)«    Bsfor© th© B®/>rt-rua the ayste® was flushed 

-jwita" sir fey_opaniagstopcock (K)* 

'£&R.§$& 

-•»^" «*; 
:c,'. J'_-(*WV_ - 

^oj * "\- 
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-    L- 

--Sgafliflefl-Apparatus S __ü "•*-' 

__"_'. Wb©a ttilpeäeihaaojdao used as the fuel ia the studies, difficulty 

^ss encountered ia th© f©?», of fuel condensation on .the walls, 8f the "       j; 

manifold and ia fc-he= nereury pusping-jayst©»."   Testa ©h@s@d that this obstacle 

eouid net be overeoao satisfactorily by beating daTs© peri©.   „C©as©qu©atlye   -"'" 

.ii-isa© found nösessary t© redesign and reconstruct th© apparatus d©eerib@d 

.jaboves th© dos&ga of the combustion tube© «as altered pnlf. ©lightly*    Ths^       V- 

initial and^iaost inpo7taB%* %£j§sgei aad©Via~tbö" äppaHtfUö ^8 in the gas 

- ; - Bizlag or puapiäg systecu    Aldiagraa of the taödifiedpumping, systea is shoraa 

! -;  _-""'— *® Fig« 3®    A threo and, ©ae-balf inch Ainie© Sagaei mounted: on ©^ brass slid© 

| me allowed to pass in brae© guides^aloag the rallo ofjihf tw© combustion ^ 

I tube©«.    Ta© aagnet TOO reieofl and lowered through ta© oil bath by csaao of 
i •.•"'••-'"-.' 

- * ••        _,    - j "    '-j "L"         —  

| o a d*"iv© pulley attaehöd t© ©a ©eeeatric« : 'The eccentric sjas turned by a 

I   -""."":"":."!   " "©se-ei-ght; j^gggggTgQte iSSSft ötlAE.. rpö», „ tomg.j^_©^ie^dlby^aöÄia gf- -" 

I slider dise© (Pig0 8) which tjsre raised and lowered inside tubes by the 

t sagaet.    Each slider uas constructed of tmo perforated ©iusiaua discs eon- 
tl " . .     ,.'.-.• - I — - - - ' __.._. . // 
I aeeted by s this strip of iroas    By sieaas-0 ft his »edification ia th© r>us3== -' 

I      __  =_.  . iag system th© aixisg tin© for a singly flaHmability test räa© reduced fro® 

?„__/: -      -_. tea - miaut©,© (or greater) t® tc© miautea. -       ,- ". 

i . The manifold and gas measuring systea car© redesigaodso a© to 

| _- fbrs^ in the raäin, a compact unit immediately above tho_bath.    Across» 

I r sectional diagram of the modified manifoldand gas measuring system is _— —-- 

j- shot® ia Fig*-4e    The modified pusniag_syste»^ illustrated in Hg9 3, na's 

omitted in order t© ahss th© aforementioned parts in greater dotail*    The 

t«>© combustiea tubes.rsrs sisilar in design to;-thoSf-uasrJia the unmodified 

äpparatuße    They difforöd8 h©n©ter9 in having only on© inldt near the top 

of each tub© which was »sea for evacuation and introduction-of fuel, air 

|i - •   ' -"-   -  • = •    AFT-R <5$72. • -- -=-- -^ - - .= -- •= -"-7 
•¥ '-'",' - ."-."• 
.Ü ...      -       .'.-    ,. " 
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©aS oxtiaguiDhcr. , Babb®? Btoppore (aöt ehetsaj «=sr© us©d t© seal th© upp©s* 

aado ef t<i® tubss^^f&o ©loefcr©£*s-i!»-tae tubes aa& th© igaitioa eystea wer© 

t&3 ae*sh,- nfl'--IB-Afap. .<faj»aftTB---tMwa»«i-ft-««-_ . *«  -    --^-—--a_-^f--^. .. - -—   - _ -— ——- 

SfeaL eepbesfctea tubea ubro connectgfl to th© aanifold through stopcocks 

A8^.!?^/^^**'^*?-*?.*?*8* S*aaa •t«biaß._ jnjö-^ttal ©ad test e^inguishor 

sataiaed ist saapls rtubsjö~öor© introduced :by s©aas ©f ©poaiag äad cloeiag 

•/ 

s^eeek fä? eppiroprieisiji   The V«£«üS P;üFä-eM_:tM dsy air soure© trareeoa-~ 

a©etöd t© tüblsählfold through stopcock© (1) eaö (2).   fßb nanc&otor, us©ä *©•' 

Eaeour© tha prooeusoo ia tho ©öBbaotica teuere,"cas afctaeksa t© the ssnlfold 

through stopcock {&) by ssaa© of eapillory tubing-   ^oeoa^ant t©iap©ratnre bath, 

. ia uhieb tho ceabuBtiea taboo aro iöEörsoö, naß boated by ©a© 500-watt stool 

^insqroi©a berate?, - . -'  "--'---.- 

; :     -Tte! coafcustion tubas, ßaaif©lds mü fuol aad ©xtiagu}skor cäaploß 

woro ©nclobsd in a nötal ohiold diroetiy ab©^® tho bath.    Thqs© parts t?©r© 

-; kopt oara by esaacPef ir&oatJi©ap (not chocn) placedis astreula? aperture    ' '" 

,    ia the shield.    Ths^ehisld bas fitted tJtthaL oetal oorer'--**£-«Ufi:a ^yräjiä'*   • 

window for observationpürposose    Tha espiliary-tubing ®Bd trap extending" 

through the shioTC ©over and esaaectins the ©anoüeter to iho qeMfold üer© 

' i'slso heatedJ*jl*üs$ai-~ r'*     ,   . ~ -'   : ~~~-~'~~~-~~   ~-~ ""- 

?&©• modified apparatus eras operated as f ©llcwos.., 2h@ oaqbusfcion 

tttbo®""usr© evaeuä-tod by tbö tseum püap"b;y op*aiag aad closing appropriate 

stopcockse    Fuol8 extinguish©? and dry air f©r© la$roda@®4 la' order of 

"-•---~aacr©asing-vap©i>--proapir-©-r~Thö~pre"esürcTIä the tübe~rääsl^teräined7fToa" 

th© mancsstor by oposiag stopcock (4) only for yery briof ihtersalB«,    Thkq 

- too- doab in order to "prövent fa©! eeaaefsatioi iathojitaheat^d igeae^ieV.  ' 

*   fa© gases wr© then nixed by -ssans of the eliding dl is© pump lag syatea for  " 

o ©ihiaum period of tsö Maates«,    Th© aixturoo mm %irod~ and o positive 

rsauiLt raöorded äaceräiäg t© the usual staadarde« 

&ro 5^72- -    — -" 10" "* 
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M§ ihiB mx& &i%h tfc© high boiling fusla ps?pgr©ss©49 it 
rcas fouM 

that tha manifold end trap tjera not hasteA sufficiently by the ©nclesad 

f: __ " ©Mela » leap lystea tö pra^eaat cond^isätioBof fuoie having a beiling point. 

[ ""_""   "7aböiro\|l0°5*"::&s~©\2.©öult::it ^as found noeQeair/ to ^oäif^tbase part© of tha 

"? :.—     -  apparatus* oneo-a^i® i« ©j?d@r to orergcaa the- diffjLguligc,—ife-.-  ,,- .:-.--•     "- 

I „   _"       .--       ''T!!te-'Modlf^%w^ 

! 
-L. 
I 

*ef; th®^nifoldjan4i&?ap^-_•- ia. plefes^?-^- vbsäft&I shifi£~aag bast ls«ps , ths _ 

aaaifoliSr and trap'tJor©' ©aeb-'nrsppod «?ith asb@@t®a;,eQrd*   Thoa nicfaros-is tJir© 

äS wrapp^ff'ia ta«s foldie of the_-cörd around ©aon part tioOes th* laanifold 

g|^ trap)* -Tfcjs t»t ends of ;eaeh of"the ulro boaters wore aeeh connected by 

ffidans of ©l^ctric wir© cord to © 7.5 amp variac (Posjorstath    In this manner 

the temperature of botn th© manifold and trap could be rsadily controilsS 

_tc-present-condensation in ihee®~ parts»    A photograph of the remodlfled 

iaänifolä^snd trap ie eäosä in dstail in Eig* 5. > -"-:_-__,_- -   /• 

The« dfpiga of the manifold was also-ältersd slightly la ©5>a#s to 

ferisg the fuel- and extinguisher sample tubes inter a position not directly 

abose the bath«,_ Thiswesdon© in order to facilitate heating of the fuel 

sample b.v HBans-ö*-an"oiecitrl2al wire heater {-not shöös)u 

I ..Z    --*.?!^^ fPVOd^beereaaairy^o. construct the n^nifölö; and trap jgroa.. 

k Vycor tubing for the, Studies -Kith fürf&r-y5 alcohol m& anilir-e,4~' At the -~: 

temperature required to maintain these fuels in the ?apor &iate# the 

i^4p¥ratur© Of the/sirä raas'high enough .to soften the Pyrex tubing. "- 

-A photograph (side view) of the entire, hi^h^i^ipöreture-ecffibustiöa 

epperstus,, e^uir-psd sjitb the. Vyeor manifold asnS trajgia shosa in yig>-6« "r 

A second appartituSj identical.witb the one plcturad-i-n the afore^mentioned 

photcgreph8v?as built and utilised during the last phase of the investigative 

I*' 

Wtd   ~       ,     - '     -   ": -        11 

k^_~_ 
-~S^"-£-' -~"rw~ 



bE 

in 

•pi Li^SS    *&5- 

fid.      V&.HQ  6   -if 'CST,~*^f?i.rr:-'B!—r~7 .jrrzs-.»-•' • 

l'ig? i RgECdified.i5:anifp.lä^ii'I Trs'p 
AJfR 'F 

v\: 



f?~^P\X*'**££ 

'.Vii.^V 

r • .<*. s-^   --. "*- -is"- 

fc\-.- 1 

Ai 

/ 

L-- 

fü,sätest   ?- - vöäissdUf ,f\l ill 4 t/teg ~ ; "• «g-    ' Q   C' "^'^'-fft^ i£fr- • 'n   li li 

=aS£ 

y; 

Mg. 6 Hemp dir led iü'gh-'i'empergtture Combustion Apparatus l.Side View) 

--FJS' S?>72::        ...  , ._    __   ,._„_ -   ^^HSL.-, _-.,       ...._.,,..._ - .-   .J_.  



.,-'•••.••_  \ o   To&t Materials ^_         - ~j — 

;^r,    Duringtho sears© of this investigation compounds of high purity 

ware.used in the tosto, föheae^er possible materials knotsa to b© commercially 

•—; („-" 

sy&thesizeS at Purdue by tbo spst expedient procedure described-in-tho lit- 

erature« Brief descriptions and. sources of the materials used on the project 

are presented on thefoilotöiag pages.  " .^ --~~-~   '..--.-.. " 

"""'  ^dsegenli^^  . .>r ~~.\.-J_^j  ,-V 

This colorl63'58 odorlose gas«. b.p» <-252.8°C.». is highly fiamaabl© 

in air or oxygen,,    It was obtained frosutne Lind© Air Preduets Company and 

^as:-agsd T?i^hbut ggrtbag^ parification«. ^___ __:-."-../_, _i_-'-_ _!___. 

-•-        Aapönia,(NK3)    .: - . -   .- 

itcaia (b»p« -35.4*~C:pis.ä colorless gas possessing e strong odor«. 

It is readily compressed in iron cylinders as liquid aaraeniSo A cylinder 

of the latter was obtained from E*I." DuPoat da Nemours and Company and used 

without additional purification« " 

Methanol (CH3ÖH)       ------_----, 

Methyl aleohblg or methanpl., is a colorless liquid boiling at 6«,7°C. 

This compound was Obtained from Carbide and Carbon Chemicals Corporation end 

was purified by rectification. ^ . 

' 'Ethanol  (G2HBOH) ;   r       : "- ' 

Ethanol9 or ethyl alcohol, is a -cvi-erläsä Ixquidrhaying a boiling 

"poinv'or 7ö.'0"*üV   ~üoisroercrax-graae~aacoßoi ^es-o'Dwrnexr-rrosi "üommerciai  

Solvents Corporation and was made absolute by treatment with magnesium and 

'rectification.  -__ - 

£i- 

-. *>—TC?Wff"*«»« 



This eoapöusd (o.p. -Ivx-SOlvS^Or i» a /göiexleeririqMijä ead-«ä» «- 

-a»?ö©^hat pleasant ©a®?«,    1$ wag obtained froa Commercial-Solvents Corporation 

aaä was purif%<aö :by:-r@e§iricätien tfeyo«g& ^colusan pacico^ «ith ©laps rhellces« 

-     ^^drazlaVJUa tbo puro stat« ifi a colorless liquid (or whit© 

crystalline^ solid)' having'a boiling point of il3V5"sC and a melting point of 

l*.4'fÖö'   A "sample -ef "taV cesplJ^MlhaVlng .a purity of 98% or greater -S&S  z ~~~:- 

i   -- --— 

obtained  from the Hathiese« Chemical Corporation«, cln view of the possible      • 

-hazards involved in th© rectification of hydrazinee this Material was used 

without further purification. ; :--p— _ -r^^^z.---: „^:,_.^--l'-->--- 

ftlrfuryl Alcohol {CB'H«OS) '-   "   V- ;    .;* 

"--—"  :||[£s^^ (b.p. 170-171CC) 

was prepared from furfural and-formaldehyde by th©"crossed" Ganniyzaro reaction« 

' ÖÄO^CK) * BCEO «jNfiOE   -   G^OiCHgOH • H30GKa 

fh© n®th5d~usod wse'l&aaed en a procedure described in the literature by 

BerkenheiB and Dfakov«go    tfeö prouwot «ras purified by rectification through a 

Widaer ©piusa.    la additions some furfuryl alcohol «ras obtained' from the 

Eastman Kodak -Company© •" ~~.~ 

Äsiliao fGs%H%) - 

Mi]in© is a colorless, oily liquid which boils at 184.4*6 and 

darkens on standing, and exposure to sunlight«    The compound was obtained from 

the Msllinckrodt Chemical Works and was purif led by rectification through-—- "—-- 

~a""Widaer ~e©lui&e 

i -- 
•I--' 

tjre Extinguishing Ägeats ~'=.---" 

Carbon fiipxid© (GÖg)~ _   . . 

This colorless end odorless gas (b.p,. -78.5*C subl.) is exteasi^sif 

used as a fire extinguishing &e.sat<,    It is non^toxic end non-corrosive bat 

U'-- .,    -  "   ° "- 
""^ ~ 

":    "- 
Ar j. ft 5§7E 

«V •- ___    _. 
•=. 

' 
S    . „-     - —. -7^7.-.;•• -* ,; * "- 
"ntH*?^- —>,^,.v= - --jq,"- -  ;-J;r   ; s**=s —   -^iA/^-'y- 
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lö «oaeiderea less afSa©*i?s tuaa methyl breaide {£ft® bas§> criterioa for 

ÖSAS? f ire» ©süngpaiphöpsls -.In..sdäiilos, bo$äg~ä bi-gapress^^ges--lt "require©        :-N- 

heä?y containers a&d diotr'butioa ©y©te«29o   A largo cylinder of the material 

«ras obtained from Li«p44 Carbonic, Ine*, Indianapolis« 

Methyl Bromid© {CHgBr)\    _ _        __   • ._ 

EatAifl bsosido (b«p^ 495f&) is a colorless gas i|t rooja_tempw sture 

©ad atmospheric pressure»    Although it is oa© of tfa® most öfföcfcive fire-r" 

retssräing agents ayaiiable^ifeo toxici'ty aaa-rcorrosi^»aeea-sake it uadeslsäblQ 

for extensiv© «se«,. particularly ia 'aircraft*    Tfceasthyl brossid© was obtained 

from the Parana Di^isies^^t-äg'Soä-'GQapaay aad - was -üs*d- without further 

^       Bromoebioröjaethano (C%S^Cir; • -..' .  —. r;    - 

_,—: r   This.,eoapouad SJSS ©bi-ais*&-früs "the Eastman Kodak Company and used 

*sith©Kt purification»    IVi# a colorless liquid8-b»pv-6S.T69°C> and8 in 

generals is considered as effective as, and leas toxic ths»8 methyl-bromide __ 

as a fir© extinguishing agoat«, ....        _    --__ _ 

Biteopedifluoroaethaa© (GFS8%) _. 

Dibromodifluofoaethaa© is a colorless liquid boiling at 24e5°Ce 

It pas obtained from tho Don Chemical Company and used without further 

purification.    This. eesfp©i»& was the moat effective ef thirty-one compounds 

found to be superior-^©"aetayl bronide in the ©ariler.Purdue studies 0       _ 

l92=Dibroaotetrafluoro®than© (GF8BrGFsBr) 

This material eas supplied by the laboratories of the* Civil 

Aeronautics Administration^ Indianapolis. _• It is a colorless liquid       _ 

(b.p/46.4eCl and was rectified by distillation through a Mdmer column 

before using«,    This compound also rated high on the list Of extinguishing 

©gent.g f 5äBd-io-bs mori--£ff©etive"tiir;. «ethyl bromide ia the previous 

gurdu© _iavflStigatioB f 

_AHB 5672    , , 16- 
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.r - -"    .--—-- Extinguisher Tests 
il-/    ^       . ^   _,_- _=- 

^drogoa 

Th© first" fuel studied on this project fsz^stertlng öf flumebie    =- 

!_-_•. 

r 
t 

areas with a test ©xtiaguishor •sad air was-hydrogen«,    A plot was aad© of tag 

percent fuel (by velum®) vs0 percoat ©xtiaguish©? (by voluse) in ©ach case» 

fa©80 -eui'*e? :ars- shews _ia figs« 7-11.   'A; ploV off the' tim flesaabi© areas 

Illustrating their reXati^Sphip-toQal^oth^r is presented la Pig» 12«.    The 

-beulte iadieatiagtho -©ffeet-iveaess of the_test «xtiagÄishors in reducing 

:th©: fläöösbllity of Qlztnrois of air ©ad hydrogen are aua^risaS-iB- Table I«. 

fSb& eenpouads are arranged ia order of'ä^ereaslag^efrectiveness oa a voluae 

teaeii-i    ©a the basis of l;hes© teste,. a©thyl broaid© is the Best effective 

extinguishes-ofJ&h© ceop@mds studied for eoäbstting"hydrogen- "fires9~"-~""_- ,- 

'iSBJtO    A 

Sssapary Tof. e©^©usds Evaluated as Pir© Extinguishing Meats 
--—V: T-'-'i: Z' -;"     __ ~f©r Wdrog©a Fixes 

•-        {fesperatur© =» 26eG) 

_j£. 

io«S       ._' 6§if '--1~ 

0PsBr©FgBs le2>-Dibreäotetra- 
.  . fluoroethan®        . :    17..3 . •  171« 8 2 

CHi|'BrGl      , Bröaöchiör©'» """--        ''— ^~-~~-—~ 
_,.-  ..--- aethaa©-_ '31*0 180.0 3 

CFnBgg- ^ibrbteiodlfluorog     '  ..— '-_ 
—~— aei&'aea©~~ :"_- -—o^©-«-—.-*—-—-— ö<O«©V -«- - •-- 

Garboa dioxide 52,5 103&0 5 

* These values ues-n obtained by caleulst-iea® '©asusing 100 liters 
gaseous fixture at ©°C and one atsoephsrs Of presfuroo 

r'H   - APT* 
sJm ----- ~-;- -.---"'SY" 

5/" 
!v. 

"^*y^V^ ^q^"-!SÄ*ß ~ 



- Fig. 7 _Flammable Area for »fixtures of- Hydrogen, Carbon Dioxide and Air 
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Fig» $ Flammabis Area for ?/.ixtures of Hydrogerij, Me&hyl Bromids and Ai? 
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Fig* 9 Blanimabis Area for Mixtures of Hydr<ppn? Brqmc^lllöremetMan©- and Air 
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Fig. 10   Flammable Area for Mixtures of Hydrogent, i)ibrcpodiflucr»methähe and Air 

ÄFT5 21 
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Fig. 11 Flammable Area for Mixtures of hydrogen j lo2^Dibromoie-trafluoroethane 
and Air       . 

"'£FTR' ^"#7-5>r" !—— -   —^—-— •—-—22- 
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Fig» 12 - FlammabJ-e -Aress-for Mixtures of Hydrog,en9 Extinguishers and Air_— 
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Is Tabio Is © eoE^ariaoa i* also sad© between th© weight ©free-' 

iivsacss and the ^IUBIO effectivene«ä of oach of tho teat eöJ^e^ es a 

fire"extinguishing agent.; Although the mthe<fuBea for the determination 

-:©fr tiae fI*s© ^h^iti^rp^rtiaä of. flre^emnguishersjs bassd~upsa the 

TPltma parceatage of thef ageat ia a mixture of vapors, th» wight effec- ^ 

vivaaees is significant -ft* a-economic staadpoint.    This results from the 

fact that thesi^aterials ar© SQld.oa a weigiÄ. bsaia." ^nh8xaor©a ia„.- 

aircraft the weight ©f-aaf©riai required for- fir© protection is aieayaaA: 

\: import eat eoaeideratioa. 

The following ©quatiüa was used ia determining '%& "wigHTor"   - 

Mlogoa compound (or carbon dioxide) equivalent to the volua© percentage 

of the extinguisher at tho peak ia th© flaraaability curve« 

_.     *-. :^4am,4ah^-• i£9 •ÄgS. xj&jL^Wtsrof Estiaguishsrs Vol. 
^ " -.       9 _L       -2%s4 liters     ______ 

of extinguisher at peak 

It. will bajaotieeji that SOB© eoapouads which have a loner flamEabllity peak 

are found to be less effective on a weight basiertfc*a «thers with a higher 

flaaraability peak and vie© versa«       __-„__-.___, 

-_ -__'__. -_. - jThugon _a^ weight..ba^ia^ethjl^ bromide also was fouad to b© th©^ 

most effective ©f tfcs five compounds tested with hydrogen»    HDwever, carbon 

dioxide which was th© poorest of the group on a voluss basis was found^to 

rani: second ia weight effectiveness«   •- 

*!BSft«iS 

Aramonla "was th© fuel next studied after hydrogen^    By-mbsss^of/plots 

of their flammable areas with ammonia and air, each of the fire-retarding 

iteriäls was evalua^d ia th© saa© mannVrras described for hydrogen*    The 

ficussgsble--\rea for mixtures of ammonia, carbon dioxide end air is show in 

"AfTR 5S72 ' 2Lv 



-figs I? «jail© tshat for saixtures of smigonias methyl broÄid^ and air^is:-gSs»s' 

in fig* 14.    la Fig. 15» the two flammable areas are shows on one plot for 

Whea amaoaia raa© tested using bromochloromethan© as the~fire-retard- 
' • .') "     ------ 

i&g agent, it was S&u&d that combustion .failed to occur at any concentration 

tjithia the flammable rang® ©f the fuel e^Nen when the lowest eoacentration of 
••"--.'• - •      -x V....-.-       - 

extinguisher experimentally neasuräfcl© was .employed.    Similar results wer© 

©btäiaM is- the testing ©f .amimnia-with dibroaodiflupromethaae and 1,2=d£bramp^_ 

tetrafluorootheke, respectively.~ By analogy to certain similar observations^ 

recorded* la the literature and from some experimental evidence9 it is believed 

that the aahy&rous asaoais resets aith each of the three halagenjrcontalnlag 

-extinguishers (as trail QO with methyl bromide).    Whit© solid deposits which 

are either additioB-eesploxoe ;©f ammo«!» _er inorganic salts of amines and 

ässs&niue^haliäöif uer© found ©a the walls of the^tuues and oa the electrodes 

daring aaaaonia runs.    If ©miaonis and the organic halide react under the 

conditions of the test prior to ignition of the mixture,, an explanation may 

then be offered for the non"-eoatouBtibil£ty of the afore-aeai'ioned fuel, air 

andjialogen^extihguisher mixtures.»     __.._.       ____-'-. 

The results ©etstaed froa"the study of ammonia with all. of th© 

tö&t extinguishers ar© suraiariaed in Table II»    As ia ths case of hydrogen.» 

the_cc2apound8 are arranged ta order of decreäeing effectivenasa ©a a volume 

-basis«, Thus l,-2*dibrom©tetrafiu©roethaae'0 dibröffio&ifXuoromethane and brom©= . 

chlpromethjaae raer© found -equally to toe the most effective extinguishing agents 

for fires involving asusoa&ao 

•&• 
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Fig. 15    Flammable Area, for Mixtures of Ajrampriiaj  Carbon pioxide and Aar 
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Fig« 14   Flanmi^ble Area fpr Mixture? of Ammonia, Methyl Bromide mid Air 
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Fig« 15 Flammable Areas for Mixtures of Ammonia, Extinguishers arid &ir 
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;--. .-."_ _--     ' Table II 

_.^.Summtary._of ICeapounas Evaluated as Fire ExtinguishiBg AgantS' 
.- /"    ""  '/-.     ; rtfor 'A^oaia Fires -——-" 

"-^^^ ===^ '-"   {Temperature » 26*0)' *_"_ 

i—OsdM-o£. 
____ Peak in " . Effectiveness _ 

-   Compound Flamnuvbiiity "Vol. Wt. 
VFörmiiia     *~Nal©      -^~ Curve, % Extinguisher» got8*'    Basis        Basis ;_ 

CF2BrCF2Br    1,5-D-ibSomötetTa*-   . < 0.25 • •_-«- 1   __-„-_   ^1^---..___-j 
fluorp<.thene .   - • ' ' 

GF^B?g ;'---p^bröiäedlfiuor^^-—-< 0.25 —-_-.----=—        -   . 

"~.~'\-C%BrCl -.      BroBieeMprp'methane   < 0*25__. -_ ____:-—— --^_ 

-.-_> ^.C^Br .Methyl bromide G«3 1.27 

I CO»  -•-. Carbon diozid© 4.7 „9,24      _-_-__- 
I 1       .__   -'__..•"'- • '    ' '  " 
5-               * These values ^ere obtained by calculations assuming IOC liters of 
|              _ t gaseous mixture at O

eC and one atmosphere of pressuree "-—: _ 

1 ______ __ =_ T _   -.---- 

1 _'._ i.      —  
—JE."          -         —  

2 z~ 
s   ----- % 

.Methanol--    '.--.--_  . ~      r:- ---- -._-_ 

Tr_ ___" — - - -—_- In the test lag px""_methf-t_noI^ 

tetrafluoroetbane proved to be the most effective compound when evaluated on~- 

si voluse basis.    Howevers from the standpoint of «eight effectiveness it 

ranked fourthB carbon dioxide being first.    The result® of the various tests 

wit-h_ffi«*hgnpl.-ss the fuel a*a praaattted in^Tabl© III«-   Tha-flammabla .areas.     ,— 

.for e~äclTöf the extinguishers and the  fuel si?© shorn iä figs« 16-20.    Figure ii* 

is s plot showing fets^ TOlätie&shir? öf sash %hö flosaabi© afoas to on© another_ 

1 
1 - ~-       . :."_.--- _____   

I"-""-""""-"" AFTR .5672 :_:_ • :""•"" ~m 
i       /•. .   .--'_, ;_ ;_ •___,'..__.__  ,___ ._-:_. 

u^m^rn^ '**~~?^y-^~^B^^~t. ~ -. ____~1_ —     — 



Fig, 16 Flammable Area for Mixtures of Methanol, Carbon Dioxid 
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Fig. 1-7 Flammable Area for Mixtures- of Methanol- Methyl Bromide and-A,&e_- 
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Figc IS Flaramable Area for Mixtures of Methanol, Bromochlorömethane and Air 
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Figg 20    Flammable Area for Mixtures of IJe-tbänöl^ -l»,2-Bibroiuuueüi-äj..xüoitia'üKahc. 
arjci Air     • - i 
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Fig«, 21    Flammable areas- for Mixtures of Methanol.«  Exti-n&ui sßp.rs and Air 
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Sablö XII 

Susaary of 

rGosgotsBiä' 
Efcgsula  Heae 

*1e3 Evaluated ao Pi?©. 
'f®y üätbaacl Fires 
fS&aperatur© °J36*C) 

Pook ia 
PlasHa1 

Gurv© 

f.a— 

Order of 
Effectiveness 

- r 

OFgBs?CFgBr 1,2-jjibroeOtetra-       . -----:- 
Ö^er^thoaö 1S*S. 166 »3 

-—><?%% 

iHbsesMSjflüess— 
asthaao 

Igst byl feg©ffii do 

A r o a 

SO«, 6. 

«"law 

8V 

5S02 

36 

« .\ 

- =r   _ - —'                                   -----       _L 

2 - ,    i- 

1 

0 These values UQIP© s>bisi®©d b^ calculations äseuaiag 100 liters <bt 
gaeeeias Qixturo at 0®C amd ©ao atcoephoro ©f prooswarp. 

.Bfeheaol_ ___'",, 

s. ""' !__-..   VB-Bibroaotetrmflusroethaa© was f cuad to (be the seat effective" (©a 

la volusa© basis) of the firo-retardingneteriale tested oita othaaol,    although 

the -poorest in voiume~©ffectivenesß, sarboa diesid© ms again found to be tho 

e®o% .effective froa th© standpoint of weight.    The results ©f the testa with 

e&baaoi, air and extinguishers are' sumraariz©d in Tablo TW* 

Plots1 of th© flassabl© areas of aistures of othaaol, air and 

extinguishers are shorn in Pigs» 2-2^27:, Pig« 27 boing_a graph of all five of th© 

fäköA-estinguishär curvestogether«,    _._. - ^ ^     -   ^  

• '.; v    -.Of tho five ©a;tingui©hing16s*«i,e cested with äitromethene, 1„2 

totrafluorpetheneTproved to b© tha-.most efffectivo oa both a voluse and weight 

baels.; \TaMe~Y presents the results of the test with nit reset hen©, -air and 

..oxtingu&sfceTS.    la FLgfi» ;SS-32 are presented tho^fleasable areas for sistu^as 

" jge-ntwSMEBjiräa^^yritSlr^gh'-of thertent-eatiaguiabiae jMter^lsY - A — 

k»TM "r"-" 36 
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Fig« 22 Flammable Area for Mixtures "of Kthanol, Carbon Dioxide and Air 
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——rig. 25 ' Flanz;.abie Area for- Fixtures of Ethancl, Methyl Bromide and Air 
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•Fig* 2U   Flajranable Ar«a for Mixtures öf Ethähöl, Br^ochlorcmetbang and Air 
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_^_ Pig ?5   Flammable Pürea for Mix^tares of Ethanol,  DibrcsnodifliiQrcsnsthane and Air 
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Fig. 26   Flammable Area fe? futures o£ Ofeksnol., l»3^bromotetraflwQroethane 
and Afir- 

JXSfiTflL. 
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Table IV 

aimary of Ooapeiuids Evaluated as Fir© Extinguishing Agents 
for St-hänöi fires 

-•-  •"-   (Toaperaturs-* 130*0) — 

-------      Compound 
Forsaula       Kaa&e 

GFgBrCFgBr i ,2*-T>ibr6ao- 
tetrafluoro- 

Peak in —:~ 
Flaasability 

ürdor öf 
Sffocttvenese 
Vol. 

Extinguishes-» gs*   !&sis     Basis 

GigBrg 

GHsBr6l 

CHgBr 

GO«, 

ethano 5«3 

Dibroeodt- 
fluorojäethan© 5.8 

„B?«ffl©ehl©ire^_-  
•aethaa© ih-7- 

Msthyl broaido Üe4 

Carboa aioxide 14« 1 

Q 2 © P 

§0,5 

27. V—" 

T 

2 

•4. 

5 

 ^r-—. _J —. .••..x -j—v..^-.2»x««v^>-»4 ?-•»«'—^»aHMffiJbng—100—1-itaiCB. of, values tfcire oovaww igr «=.ts«.<*»*>*. «.OO__MM4„ *. 
mixture at OeS-aad on©7atmosphere of pressure» 

"plot-of "all fit® flammable areas is given in Figo S3. 

Tablo V 

Summary of Goäpounde Evaluated as Fire Sxtinguisfeiag Agents 
for Nitromethaae Fires . 
(Temperature s 150^C> ----- -  -._-_.._ __. _ 

Peak in 

'""X 

gjnapa aftdl—:-— 
Formula  game 

CFgBrGFgBr 1,2-Bi-broiBO- 
tetrafluoro» 

~ = &=~—-- - 

-••• «ii>y? *-• 

Order of     ' 777 
Bf f ee&jtvene s §- 
Vol.   "" _Wt*- '-.- 

CFßBrs 

GHgBrGl 

ÄTT , Ota 

Bibroaodi- 
fluoromsthaao 8.6 

Bromocblore- 12*4 

Methyl bromide , 18 »S 

Garboh dioxidw 21«^ 

41«6 

80.7 

80 e 2 

42*6 

2 

3 3 

4 

* These values were obtained by: csleuieiionö• m8aptn&. *w x+—*- -~. 
'. • . ' gaseous-mixture at 0°G and one atmosphere pressure» 

^..^-.^..^J^^OT^"--*--^^ • ! "«»&*—5— 5-«J,'-^J•^~, *t»-' 

*~«nr v^=--Tr.— . 



J^g» 2S   EXapmable. Area for läixtipes of Kitremethane.g Carbon Dioxide -and &ir 
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Fig., 29 _^animable'Area,fqr "Mixlmm öf Nltröasthahej Methyl'Broaide an4 A.i? 
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Fig, 30   FLarraafele A^ea^f or Mixture^^ifrEI^S smeTin^RQ.>'"BrömocMprcxraethaiie and Air 
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Pig. 31    Flammable- A-naa for Mixtures, of U*irQmetbii3ß-9  Dlbrcsmodifl-upromethane 
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Pig. 52   Flasnnable Area for Mixtures of Kitroaaethane. i^^DibrcsGiötFäfl" 
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Fig. 35 Flammable Areas for Miximres öf Nit-römethänes Extinguishers'ancf Ä1T- 
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fedrosia© -. ' " -y   T 

-="--1 -      Although opesioi j>3?©eoutieas tser© hakest tö insure the saf <jty _cf r " 1 

th©.©orkers «tesa tosfclsg hyjlraisiä© üB a fuel, it wasfeuad that all sue«  ~~ -   ~7   ' 

äsasureo. tjere qeteallF ueöarraated.    A recent'report---  ia th© literature J^ 

described a violeat esplesloa incurred of workers9t the Bureau of Mines ; 

«Ml© determining ta©"ilass©feli l-laits of hydrazin© is air«    Ä isiaor explosion 

3?©sultiag froa ' thö"il$&itiron~of 'a hydrasiae-ais' aistur© was reported etill ______ f. 

^aa^lier by-Böof ord ~ •-'. " t-_._-". . _-"" ."71—-ü=__"_. -_"_.• ;•< "v_.""   !"__ ' 
-  -'-is ." - -     •     -    ••- 4 „ .. ._; 

According t©- the f©smT reaori ?-t&3 floQaablo Units of hydrazia© 

=ia air~otatmospheric pressure ere 4.6f aad 100 poro©ate    However9 whea 

hydrasäiae. «as tested ia this iäveoti'grtl'öa in the ran@p of 5-60$ by ^olusie-i 

a© scsfeui§tiea=w§s ©StaisäS is aayef the trials»    Since these ttst© were 

conducted et 300®G (oad £0© fia), it night fee concluded thst^thsmal decom- 

position of the fuel occurred prior -te-igaiiiön of th© Maturest thus" lead- 

isg to erroneous eoaelusios© with regard to concentrations pereeato A hath 

temperature ©f .300*6- wao f©uad desirable- ia order to maiataia th©' hydrazia© 

i& tho ^aper ©tot® throughout th© course of aa individual rua«> . ._  

•Fakfnryl"Alcohol'" '   " '""^=~~ ~~~  '"- --——-.:i£^-^-^r---~--------- 

Ühea th© preliminary tests with furfuryl alcohol were- carried out 

la aa effort to ofetoiBi tho flaaea-fele-liaxt'S of this fuel, rapid dehydration 

cad poiyaeriaetToa- of ¥ho~fuoI was foüad to occur,    it is kaoäa Tfiat^rarf/uryl 

alcohol, dehydrates is. oa iatermoleeuisriasnaer ^nd, polteriges when heated 

..above its boiling point (169e5*G).    Sine© bath tempereturoö is» the neigh» 

berhoed of S00°C (aad stillTWgher'aaaifold temperatures) per© required for 

its testlag ia tho apparatus used8 it was feuad aeeossery to ^discontinue_ 

the work1 Oh this compound« 

_M,XH  2«f«- 
i«ia!«*s—i_ . _,   ,-   ,^_'. . !_-_ . .   ^^-jza..—__ 

—T 

Tv   ''Til - 

\d     \    " 

"r 



„   -    '•';':'in i^Jjsasting öf~oailinor btcto^MoroEatBoä© wae found, to be *üö 

.soot ef^etiye-e-xti^aishiag agent when- eoasidered on t&^neuai ^oluoo baaia.     ~_- 

feesi tho oeigafc standpoint 0 earboa dioxido proved ~to bo the nost desizabl© 

agsat for u®e is eoabaiting anilina .fires.    Tho flafiaablo araao of ©ae& of fetes __ 

isxtinguisher compounds ®ith a?>ilin@ and,airfare shcm in Figs« S4»33e   In Fig. 30 

is prsoeatad a^plei of she flvarsreas ;together<,    The reoulto of tho eniliäo- 

J^itl&guishar tests are gits» In tEabl© ¥S<\! •   •-•--_.    '"    -_ - :J-     ' .V 

SuEaary of Cenpeuado Evaluated aa-Fir© Eztiaguioniäg-r^ufeö 
---- for Aniline Fires_ 

(Seaporature "» 2©QeG) -- 

Flaneabilifcy 
s.üaÄ4 mgiiij 

Os&©w of 
Bffeetivoaeoo 

G0g 

BroBOOhXore- 
nathaao r 

csthyl fei?©Qia© 

0asb®n diosMo 

1.8 

.1. 

6F2BrGFsBr   1,,2-dibrono.tetra- 
-—-fluoroathnao    v        2,-2r 

CFgBrg_ Siteeao&i f luor©« 
' BSthaae "" " - 3oS 

1065 

X8e0S. 

4.13 

50.0 

8in-a 

i 

?. 

s 

4. 

3 

2 

' * 

4 

8:5 These values tTer© obtaiasdby calculations assaying 100 ilters or 
gaseous aiitur© at 0S0 and one atmosphere of pressure© 

1:?- 

i - 

-'   ITrOSSr   \aiss-   0)tB8»4iiC in the 
«CJCSji. 

pages8   it ®ey-D9~con«#uaoa~ 

that l?2°dibr^i|Otetrafitiore©thane is probably thejnost effective ovar-?ail 

estiäguishing agent for eoabatting Jet fuel fires»    This conclusion is drawn 

primarily fron the fact that in the case of four but ©f'tB8'"alj""rueIiraücce:sfl* 

fully tested, 1s2~dibreaet©trafluoroethaae was found to be th® most effective 

•9«., 
AFTR 30- 
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Fig 34  iäanufläyle Agei.; for Mixtures of Aniline,  Carbon Dioxide and Air 
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Fig* 35 Flammable Area for Mixtures of Aniline, Methyl Bromide and Air 
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Fig« 56 Flammable Area for Mixtures of Aniline, Bromochloromethane and Air 
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T?**? *-*. -*-&.* 56   Flammable Area fpr Mixtures^ofv AniXina;-l,2^JDibrora;o1^.trailuoi"oe.thiine^ 
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©siiaguisksr ©a a ,v©l«Eä ballöo -Tmo eespounä raa!£sd„a close second in 

©QOO of the- fifth fa©X aad wao only fourth beat Is the testing of the. laoi-^fuol«. 

ff 

Equip&ent 

-*———"  !•   • in   iiimii iiniiiTiiimri^mni 

_- $h©a the pröbleci of determining the applicability of firs-retarding 

agaaitQ a^lnat. fluorino fire© wa considered early in the investigation, it 

$ae belle »öd that a .cater iaM react lag Mth fluorine at :ropri temperature would 

&e ünsQitBbio for üSQ op OH extinguishing agent in fires involving fluorine» 

Consequently, it vcao decided that studios should first bo conducted to deters!«© 

t^._«oss»»t?»^io5:räX^,lfessla©,B ~i3 ad&isture talth nitrogen, required for reac- 

tion raitb the test agent before attempting further evaluation of tho effec- 

tiveness of an extinguisher against fluorine fires«,    Sins® it aas recognised 

_j£hat„_@pselal techniques and apparatus could J»a required- the rmathodd-of ^handling. 

flucrin© tsare smlmsoä- with the idea of-applying knom techniques to "ths 

resulted in csasaring, reactivity fey mis-lug fluorine^, nitrogen and tha teat 

r, in e mcKei tupe paccea sisa copper::g&uz««   -A" -i^.-.israajL.-«sTt the "enti-©--       r~ 

apparatus i@ presented in Fig« 40 and a photograph of the seao is shown in 

.'fi&> <&=>    A fflere detailed photograph of tbs fluorin©,, nitrogen~and" ©sfeinguisfepi' 

-^ 

•j-at 

supplies and equipment f©r their measurement is shorn la Kig« 42e   "A doscrip« 

tion af t!s apparatus is as folloiss-s. 

_ -The nickel reaction or combustion tube (©) ssas const£iiat@S-ts&&-— 

nickel pip© of 30 ca inside diameter and saas 124 ca. long«    üa inlet 31 

:-iTöa, the „bottea pf the tubo 'was eoimeeied by sseahs. Of ono-quarter.ias® 

«oj^?^u£|^ ?o j$©. «*ti|^**^"-•su^Iy;,.|l^|ft_;_The_fl©x:of t^flrsrJc^ginSins .__ __,,. 
-if'    - 

:lrx-i; 7.-,- 

id.  „• i*M>. >    ' '-j l: _n "•«, c LijJ'/t    *   _ i\>" 0_ 

-CÖ- 
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."—/•:CJ Dp*-' 

•:-K 

Sr^a©K^/M i^^et^^s^^mlaad^ a mercury: fleeter (6) which *m*• 

;   eSM^'-^a^ u^sr a ressus?° ^ lOOJLbs/s^ia» 

r" , "^c^äfnl^^^ (2) end fluor^"'   _ 

.8 

'--   " 'I-  -l'l r i 

^te7-©*; ~th@r g^ueriae^ai&gQsw1- ^*,«^-»-p^^^yy*y--s*£**; - 

fex'jHp^-ef « n**3*crf*i--*^»^tti?W=^rtor^»* coppe* tubing 

^o»äDy braes attftBÖP-.   To permit obÄf^oÄ liquid is*ol 

la ^toSSwe»r"i D©etios"of; oao of tao flota^tq» lejP w replaejl by a 

loagth oV-8,;m.S^os ^W tttW(ns-,  tto ^sow coated td to copper 

p^fluro-^c^byinapfeMiöiie, i'^f"^ to'fluö^ino. JTho constrictio* 

to tteT upper p^Soa ^Ttho Jitter «as effected byjaeaas ©I *-äteZi^&PT>*^   ^7 

-^6->ittb=^---aäaä-JÄlfci^-B MB*» aad heldJLa place by brass fittings*        ^ 

" This Mw was calibrated -susaia .üB*- üB»* fiw*e* ,»»*-» ^*s?-^^"--_„,;__;__ rJ. 

protected jby a nickel jtrap« ^ -__.--     _-_-- 

'~CZI.     .-ES» apparatus tJas operated im tho foiiöwinä aaaaors    Storage tank&) 

sad reactor: «aba is)-were flüsh©d out with nitrogen *y opoaiag and closing 

tao aiT^prlate fieedle Va^es. ' Fluorine was latroduced lato the tank after 

«Ha inlet and outlet valvo» ^ere opened by reaote'soatrol ticm behiad a---' 

JS 
"T     ' 

^3- 12 

flo^W sad trap, however,, It was passed throug^a-^e-qüarter-inch^«*0& 

^tubing shunt by. closing the two vaiva» on each end of tho flowwter*.   Ths 

^ point .4«hiefc ^fler^e tank isas cojpAotely filled with fluorine «as    • . ^ 

indicated by the. «oabustioa of a wooden splint placed at t^e top Qf the 

:J 

#jprH' 5S'?2 CSS'7-3: •  •    " ' • ------    -    '        - •{$£ 
—'-**—=-   — - 

i3£" 



I  • r     reactor (8), Kbtrogda «ss than blöd lato th© tank until the desired pressure 

J§._      ... was indicated on a silver diaphragm gauge«. ^   -• •  "      :  i •;_, • 7„ 

f 
After reflushing the reäitcr tubs With nitrogen, th© extinguisher i. 

:2_ •ö_ln^*Pä»«Ä» .  TÄs~gaseons.j?Ics- rät© 4te4,4^em$s*-.te pressure difference   ,:: '-.'T"-"; 

as noted on the,flometög;{6).,  The diluted fluorin© was then admitted/by   '. "^  -."-   '-;',, 

r        opening the outiavvalvos on the storago tank by remote coiitrol (5),    Obser=.   -~ 

vatioa of reaction ©ffoeto at the top of the tubo fa), as, well äs of prpssuro 

differeseesj^ thi floragstor (7), tiaa ^p^^uj^Qkall'-licae^itf'tae' steel .        ____ 

barrier,    A positive result teas indicated-tyjfcap' appilaiaaee ©f visible gaseous." 

products at the top of tho combust ion tub©.'   lathojsaseT of.;the bsemtne con-    ~ 

tainlag extinguishers, tho. reddish vapors of bromine v;ero,./in,_ge^eral, observed 

ae a result of th® reaction. 

Modified Reactivity- Apparatus __ •-     -_.._.-_ 1: ; _ 

''---—--^. ^M®f to-the rslativelnon-volatility of l.s.2-dibromotetpafluoroethanö. 

i'Wp. 46SC|ahd. brÖnochlor©a©than© (b.p>  66-690C)S it was found necessary to 

slightly ffl^ii?^JL&^?^^ 

rof these higasr boiling cömpoundsv^=•^    ^^^^sss^ „~r.--=-—— 

. *--- •»- « »•w— - 
5 «T      -W^BrfV ^ 

The_Modification in tbe apparatus is < shown! bys diagram-in.-?ig0 43 

and by photograph "(in part) in Fig.  44.,    The numbers-used in the diagram of  . 

the original apparatus (Fig.  40) sere retained-in Figs. 43 end 44 toyp*e?-nt 

Confusion in the.description9    A streamof nitrogen- ofetsiald-^h^OMig^^ths'ee» 

^J^^^jj•? *ä® nitrogen cylinder lB\-MjAl^iSä^^^^^^~^Z^ 

^i^fS^-§l£g£. bubbles; gj^ainlag_tS®Zeainfiui".äher> OLL jia>«-aw>^-oÄ-AT^»- -~*- 

-;.T§ae into and out ©f ta© bubbler was controlled by stopso©kö~:osLthö iilot and 

esfelefc. stems "of:%:ls vessel.    The mixed vapors frv&a.saä öaböler wer© ipjassoä 

%imsmh a flGMsutör (6!) „and tr©p into, the reactor tiib© (g). in the-us«si .sssner*. 

„-Sto-fl'a»lj$tt;o^t6o extinguisher was determined fron the logs in weigU. «f 

Icia'S»! ..?*& ^^fRiga^ ,A&^ Jfc.-fw.rCT4 JiamiMJtoäwk^ikJtiM *Jk—•<*••*- - •- •-»—JI-I-^. ZZ—*-- ——. -^.^a    ^*«=•.—=^ 
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5teBt-ü£tericüL© 

fiaö^iaa>_.(.Fs.)     ' '' ' "-- •• -   —   ^' 

. .     " m.eae;atary flaoria© to a light-yeiiön g®* aWiag a boiliag poiat 

of »288sS
9S-aas a~6>aräct©rlstic odor*    It'-TOO ©btaiaed 1B a (6 Ibt eyliader 

fria tfco PeaaGylvaBia -Salt Masufa efeurlag Goqpaay. 

.—»-*•*«a«»*» a BWAWf^eB sad odorless $as» %ollo at ~I9.5.8*C.    it isae: 

obtaiaöd fron Liado Mr -Froäaets Coüpsäy aad mi used aitaoat furtis©r drying 

OS? 

-Fig© Bstiagalgfearg 

-.;-..,      ",.. 5*?.?*^?>"r?*®rfi?*B ^geatQ_uq©d la t&©_rpQettti%^igM„siM.?i«o?iä« 

Söctieä I.  - Esra©*or9 at t-M© rsqaest of t^^^.ms^m&.zJ^:p^£in.miT^_^ 

sethaao ma added t© the list of caterials t@ b© tested w&tl* fluopia©» 

__   ^Fsmotri?Isegpaatte^e {PSgSd~_~".- r       :-    -''_   ~_„  _ . -   -v '"-    -~ - _ 

- - :•     J^r°©^©*>^ (fe.P« -60°C) is a .colorless and aearly odorless gas« 

-It TOS ©btaia®a fro© tacT toy lägiaeers -Beseänfc aad D©*®lopäsat Laboratories: 

ftogt Bsivpir, Virginia«, -   --.„.    -r     .:.-. \   - :-:- - --   . --- - -••l^.--..^. 

%%*>L.-SsStS- -     -'-.- - -*      -    •  --.— 

;.---- -üisiB flaeriao^iaixed uith aitregea, TOS "allow to react with tag 

Väx ,^aa. f lgo~gjabiaRdlag^eoat)otMa.da..a«ae«4-ha^-J«..K>-- - __ «*—-^-„^^a-*.^—'.—„...^ 

©oeuprsd la all epaeeatratioae or not at all.    fa© results of taase tests 

•are sacaarised ia "Table ?II. r ~_ 



•fc'—M» tfcrtftmiftfr at 

fabl© M.I 

wuapejey of Goapeundo Tooted for Reactivity with.Fluorine 
(Temperature * 2Ssu) 

jäxtinguishln 

GO. 

Narao 

Carbon dloxido subl. -78,5 

Reactivity with 
- : Fluorine:' 

4e§ 

CFsBrg 

ea= 

Bibromodi fluoroäethaa© 24» 5 

3, ,g-D&brapQt@tra- 
flüoroQt&aae , 

Bi?oiao -60*0 

"1     . 

-.: —-yive of th» sits extinguishing agents roasted with fluorine la all  

«ftni.a.Kfetss^aafl «frthmagh to widely varviag degrees».   Mgttal bromide aad^dibjo^° 

alf-iunroaethänsj under the coaditioas of the t©st9 reacted most Vigorously 

with fluoria©.    is2-BiferOmetctrafluor©etb.ane and broaot-r&flacrpsthafie and   ^ 

broaotrifluoromethane wer© found to be the least reactive»    Carbon dioxide-, 

the sixth extinguisher, failed to reset with fluoria© in an eoneeatratiöfU 

-_ As a basis for these tests9 as described earlier in this 

uas presupposed that any material which will react with fluorine at roo© 

teapereiture will be uasuitable for use as aa extinguishing agent ia fires 

involving fluorine0    Sins© all of the 'fire-retarding agents tested,-except——- 

_c_arboa_dioxidep_react with-fluorine at room temperatures it is quite unlikely 

sfapüid'f therefore,~be" eliminated fro»-f>>pth«r^«sonsiäeratiön3ä8 extinguishing 

ogeatf for this type of fire. 

In eonsideraties9 then,, of the one materiel which failed to recet 

with fluorine at ropä temperature, aaaely carb1b¥lliexide7^^-f^^^nS sast~ 

87 



j-aggg^^ggsto" rajaflj^asaaa. •"-•• £^£ Assäs-j •s^sfe^^Me^^^*aa9*g^gte-'wtt^*=sa==gHgg v * * 1 'r~-" • ^ •' • i **i m a a ^gg c^1 *ww^^f" .^•*M«y^a.^^g,^-jfaj k ^t'^>ViSSB»B^^ie^^ja=^^«a*afa» 

fet tälceä :!|Sto ©eeoaü&t» Although fluoria© do@o.not reset;with- car boa dioxide 

«ade? tost conditions8 it is very possible that at aigh^tcaperatarea«such 

as Would exist in fluorine fires,  reaction will take plaeo. This hypothesis 

eould set Is ephfifced because of lack of Suitable high-temperature laboratory 

©quipnont for us© with fluorine. Fu3*th©r©oref although it is possible that 

at roop t©a»@rt\tu«» @arbea diosid® (siailsr to aitrogs^} sets as an inert 

&iluaat with fluo?in©p ©t higfe-teaperature this of feet weald probably b© - ---- 

aegligible er_ entirely absent. 

It appears hi^llf ii^robjäölQ*-JihereXore.s: that any of-th© compounds 

Seated vm. bo need gsacessfully for eo2batt.ing_fireA involving fluorine» 

M_^___  

«MR •'&Tfr^;^?=-ii------ - -— -- ±    $B 
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fä© data and rseulte ©f ta© t©sts conducted to detorain® 

the flaeaabiTity of sd-rt«?©© of fuel, ©xUnguiGbs* aad air are presented 

tor© in tabular fbra.    MthougB not specified in tae tables,, all^iata 

"were carried out at. a:pr@ssur.e of 400 am Bg„    A--"*• indicates that th© 

jaistar© burned, i«©«, th© fi&a© ma propagated through the- entire length 

of tha_tuboc    A "-" indicates txav tha alstur© did aot bum or that if 

«• « -1 - • 

th© aixture ms ignited, th© flaae did not travel to the top of the 

'~*=£i£r- 

TRäbl»a Bl-gg- _ ,-.      , - 

lathes» tables the data and results of tb© tooting earned-oat 

to deterain© tb© reactivity ef fluoriss-nit^ogsa alxturee^slta ezfciaguiehere 

ar© given.    Th© test© w©-re la all cases conducted at roe® teaperatnr© and = ~ 

ataospborio pressure,    A "+- indicates a positively observed r©aeti©»9 Ue>9 

gas©oua product p u©r© visible at th© top of tb© react ion tubes  _® "•««i» 

non-reaction ©r the absence ©f visible producto« 
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